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Abstract 
The ability to solve problems is one of the key competences in science education and in everyday life situations. In this study, 
problem solving skills among 10th and 11th grade students were examined. The sample was formed from a sample of grade 10 and 
grade 11 students. The grade 10 students represent the age group one year above the PISA sample tested (OECD, 2007) and were 
tested as they were just beginning their gymnasium level studies, while the grade 11 students, tested at the end of the school year, 
had finished all compulsory chemistry courses. A validated instrument was developed to measure problem solving competence 
relevant to real life situations in order to keep student motivation to answer the questions high. All items, however, focused on 
chemistry but were interdisciplinary in character. Findings indicate that skills, related to applying knowledge in a new situation, 
were higher for 11th grade students’ compared to responses from the 10th grade students. Unfortunately, there was no statistically 
significant difference amongst other components of problem solving skills between grade 10 and grade 11 students. Based on 
findings, a three-component model (supportive skills, problem defining and problem solving procedure skills) was created. 
However, confirmed by factor analysis model, a statistically significant correlation was only found between the second and third 
component in the model.  
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of GLOBE-EDU 2014. 
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1. Introduction 
The 21st century labour market needs employees with multiple competences, which includes problem solving 
skills (Binkley, et al., 2012). In a study by Mourshed and co-authors (2014), almost 40 percent of employers say that 
just acquiring knowledge is not enough. In fact, a lack of skills like problem solving, decision making, collaboration,  
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leadership etc. is the main reason for entry-level employment vacancies (Mourshed, et al., 2014). Studies conducted 
in Estonia, confirm that employers value highly all such skills, while social skills were less appreciated by teachers 
(Post, et al., 2011). The results from PISA (OECD, 2007) show that while Estonian students have good subject 
matter knowledge, their problem solving skills are poor. In an attempt to improve the situation, there has been a shift 
in the educational focus from a knowledge-based approach to one based on competences (Estonian National 
Curriculum, 2011). Problem solving, as a complex skill, is linked with competences associated with knowledge, 
skills, attitudes and values.bThe aim of this study was to create a validated instrument for the measurement of 
problem solving skills and to compare these among 10th and 11th grade students. Based on the literature (Scherera 
& Tiemann, 2014), it was expected that there would be an increase in the development of problem solving skills 
across school grades.  
2. Theoretical background 
In general, problem solving is defined as "any goal-directed sequence of cognitive operations" (Anderson, 1980, 
p. 257). Cognitive operations is a confused term but lends itself to a recognition that problem solving involves 
cognitive attributes, as well as operational skills. In fact, according to Lee and co-authors (2011) and Jonassen 
(2011), the level of domain knowledge determines students’ problem-solving success, especially in knowledge-rich 
academic disciplines. This particularly applies to science. 
In science education, inquiry–based learning has gained much attention (OECD, 2007) (much less socio- 
scientific issues have been handled in the classroom linked with inquiry approach). It has been heavily linked with 
problem solving and characteristics associated with the solving of problems, usually experimentally, requires 
domain knowledge, strongly related to conceptual understanding. Inquiry-based learning is guided by an inductive 
teaching approach in which the learning is student-centred and includes the students being involved in undertaking a 
number of stages 
In the literature, a variety of models describing the structure of scientific problem solving, have been presented 
(Scherer & Tiemann, 2012, Bransford & Stein 2004, Chang. et al., 2012). These are based on theoretical models 
which contain a number of steps, such as: identification of the problem, system exploration, presentation and 
communication of the problem and its solution, and the evaluation of the solution (Scherer & Tiemann, 2012). 
Bransford’s IDEAL Model (1984) consists of five stages: Identify the problem, Define the problem, Examine the 
options, Act on a plan and Look at the consequences. Later, Chang and co-authors (2012) propose a three-stage 
model where posing problems, planning and solving problem are the main components.  
In the current study, a problem solving model is developed which includes the necessary problem solving skills 
divided into two components: one which concerns the problem definition and a second which concerns the problem 
solving procedure. Accordingly to the studies by Lee and co-authors (2011) and Jonassen (2011), scientific problem 
solving is always supported by knowledge application, and it was considered that both these components are 
supported by third component: supportive skills, which can be sub-divided in to applying knowledge in two 
directions – application in subject content and application in an interdisciplinary context. This relates to views put 
forward by (Erduran & Jimenes-Aleksaindre, 2008), indicating explanation is related to problem solving An 
overview of skills within components of the problem solving is given in table 1 (each skill was measured by one 
item or response in the questionnaire).  
     Table 1. Description of the problem solving model used in current study. 
Component Necessary skills 
Supportive skills Knowledge application in subject context  
Knowledge application in interdisciplinary context 
Problem Defining Posing a research question 
Planning activities to answer the research question and 
choosing variables (planning the investigation) 
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Problem-solving procedure 
a) in the context of scientific problem 
b) in the context of socio- scientific issues 
Making a relevant choice 
Giving a relevant scientific explanation 
Giving a relevant socio-scientific explanation 
 
 
 
The following research questions were posed: 
1. Which of the skills, necessary for problem solving, are acquired by grade 10 and grade 11 students? 
2. Is there any difference between the models which describe grade 10 and grade 11 students’ problem 
solving skills? 
3. Methodology 
Sample. The sample consisted of all grade 10 and 11 students from a representative sample of Estonian 
gymnasium schools (N=44). According to the demographic data of students in Estonia, schools were divided into 
three groups: schools in major cities, schools in smaller towns and schools in the countryside. Every fourth school 
was selected to obtain the student sample. The total number of students was 2,072 (1,129 from 10th grade and 953 
from 11th grade). The tenth grade sample was seen as equivalent to the end of basic school or lower secondary (up 
to grade 9). As testing took place at the end of  the 11th grade, the students measured were considered to be at the 
level reached at the end of the upper secondary school (gymnasium) chemistry noting most schools finish studies in 
chemistry at the end of the 11th grade. 
The instrument. It was considered that the best approach to measure problem solving skills was through 
presentation of a problem in an everyday framework, seen as a motivational factor among students (Teppo & 
Rannikmäe, 2004; Jonassen, 2011; Scherera & Tiemann, 2014). In this case, it was anticipated the instrument would 
be seen as interesting, appealing, and engaging (Witte & Beers, 2003; Kask & Rannikmäe, 2009). The problem 
related to an ankle sprain emanating from training and the problem solving action involved making and using a cold 
bag to reduce pain and swelling. This item was considered to be interdisciplinary, but focusing more on chemistry. 
The basic chemistry concepts were taken to be the chemical reaction, its energetic effects, equilibrium, dissolution, 
properties of chemical compounds, and safety. The breakdown of items into the components of the problem solving 
model is given in table 1. The test took 30 minutes and included multiply choice items as well as open ended 
responses. 
4. Results and discussion 
All students’ responses were coded and rated analogically on a scale of 0-3, where 0 – the response is missing, 1 
– the response was wrong, 2 – the response was partially correct, 3 – the response was correct (figure 1). 
Item labelled “Knowledge application in subject context” required knowledge that is present in the gymnasium 
curriculum and it is used in a similar context to that which has been learned. “Knowledge application in 
interdisciplinary context” required knowledge learnt in the basic school studies and its application in a new 
interdisciplinary context. Therefore it is predicted that the newly studied knowledge had been remembered quite 
well and facts that have been studied in basic school forgotten, but yet the ability to associate knowledge to the 
question and transfer it to the new situation is better in the 11th grade. Figure 1 shows that the majority of answers 
related to knowledge application were at the second level for the 10th as well as 11th grade. Correct and partially 
correct responses to both items requiring knowledge application were statistically significantly higher in the 11th 
grade (Wilcoxon test, respectively Z=-3,767, p=0,000; Z=-2,997, p=0,019). 
The skill of posing a research question and subsequently planning an experiment are closely related to 
undertaking inquiry-based learning. Eight years ago, the 2006 PISA (OECD, 2007) results showed that only 5.8% of 
the sampled Estonian students achieved the highest (sixth) level in recognition and posing scientific questions. In 
comparing such data and data in current study, it can be concluded that a significant step forward has been made. 
However, only about a quarter of the students were able to pose a proper research question. This suggested the needs 
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to increase the use of inquiry-based learning in schools, especially as no statistically significant increase in this 
problem solving component was found between the responses by the 10th and 11th grade students. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. 10th and 11th grade students’ responses to test items in percentages (N10=1.129; N11=953). 
 
The item that required making a relevant choice had the most incorrect answers in both 10th and 11th grade. The 
item required choosing the best compound for making a cold bag according to the data given in a table. The results 
were slightly better in the 11th grade, but the change was not statistically significant. The greatest number of 
missing responses and the lowest number of correct responses indicated that the items requiring scientific and socio-
scientific explanations were the most difficult for students in both grades. However, the number of the correct 
responses in this domain was lower among 10th grade students. Analysis showed that correct and partially correct 
responses in giving socio-scientific explanation increased statistically significantly comparing 10th and 11th grade 
students’ responses (Wilcoxon test Z=-2,997, p=0,003). 
The effectiveness of the created model (table 1) was evaluated by factor analysis and correlation analysis. Factor 
analysis described approximately 75% of the sample and confirmed the forming of such components in the model 
(Table 1). Correlation was found between the second (problem defining) and the third (problem solving procedures) 
component in both grades (Spearman’s rho=0,441; p=0,018 in 11th grades and 0,302 p=0,020 in 10th grades). There 
was no correlation between the first (supportive skills) component and second and third components, which shows 
that there is little link between supportive skills directed towards acquired knowledge and problem solving skills. 
This is contradicting the hypothesis put forward by Scherera & Tiemann, (2014).  
5. Conclusions 
The most developed skill in the 10th and 11th grade is knowledge application, while the least were making a 
relevant choice, giving a scientific explanation and giving a socio-scientific explanation. Unfortunately these skills 
did not correlate with problems solving skills. Therefore we can conclude that an increase of knowledge is not 
supporting, in isolation, the development of the problem solving skills. 
There is very little difference between grade 10th and 11th grade students problem solving skills when taken 
separately. Knowledge application and socio-scientific explanation showed statistically significant differences 
between grade 10 and grade 11 students. 
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Therefore it can be said that during gymnasium studies, knowledge and knowledge application is gaining more 
attention, while other necessary skills for problem solving are not developed enough 
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